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Obituary: Prof. Hajime Fukada, 1913-2002 


MASAFUMI MATSUI 


Graduate School of Human and Environmental Studies, Kyoto University, Sakyo, Kyoto 
606-8501, JAPAN 


Fig. 1. 
(through the courtesy of Tae Fukada). 


Hajime Fukada around his 50s 


Hajime Fukada, Dr. Sci., an honorary mem- 
ber of the Herpetological Society of Japan 
(HSJ), and Professor Emeritus of Kyoto Uni- 
versity of Education, died on 12 March 2002 at 
the age of 88. 

Prof. Fukada was born in Kyoto on 23 
August 1913. According to the brief biography 
in his book “Snake Life History in Kyoto”, he 
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was first attracted to snakes after he caught 
a Japanese rat snake, Elaphe climacophora, 
when he was in elementary school. But he 
majored in applied entomology at the Faculty 
of Agriculture, Kyoto Imperial University. In 
March, 1937, he graduated the course and 
became a Master course student in genetics at 
the Faculty of Science of the same university. 
He had to interrupt his studies because he was 
forced to enter army service in January of 
1938. He was assigned to the 20th Cavalry 
Regiment at Kyoto, and passed the examina- 
tion for the first class cadre candidates in the 
same year. He was in a candidate course for 
military officer of meteorology, and finished 
the program in 1939. He gained the head of 
his class and received the prize of silver watch 
from the War Minister. As a military officer 
of meteorology, he trained noncommissioned 
officer students and second class cadre candi- 
dates. In 1941, he was sent to Pingtung (Ping- 
dong) in southwest Taiwan to serve at the 
meteorological observatory. He collected 
some snakes there and kept them in his 
barracks. Once he was visited by Dr. Kenji 
Nakamura of Kyoto Imperial University, then 
a lieutenant, and enjoyed talking about these 
snakes. 

In 1942, he moved to the Philippines by ship 
and landed on Lingayen. He was appointed an 
adjutant commander of the 22nd Field Meteo- 
rological Battalion, but in September, he was 
fortunately discharged from military service. 
In November, he landed in Osaka, and on 12 
December 1942, he received demobilization 
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orders and returned to the graduate course at 
Kyoto. In April, 1943, his supervisor Prof. 
Taku Komai recommended him as a professor 
of zoology at Ryojun (Lushun) High School 
(old school system), and on 26 May, just one 
day after his marriage, he left Kyoto for 
Ryojun with his bride Tae. At Ryojun, he had 
to spend more time for military training than 
zoological class, because he was placed on the 
reserve list as a lieutenant. However, while 
teaching horseriding at Shusuishi (Zhoushuizi), 
he encountered several animals like hedgehogs 
and kept them as pets at home. Unfortu- 
nately, he had little chance to see snakes there. 

In August, 1945, the war ended and Ryojun 
was occupied by the USSR. In October he left 
Ryojun and moved to Dairen (Dalien) and 
became a teacher at a newly built Sino-Japanese 
middle school. At the end of February in 
1947, he returned to Japan on a repatriation 
ship. In July, he got a job as an entomological 
technician at Otsu Hydroponic Farming Depot 
of the U. S. Occupation Army. He was inter- 
ested in the work there and continued it for 
seven years. At this depot, all successive com- 
manders allowed him to keep snakes in the 
laboratory and he accumulated much data on 
the habits, including oviposition, of snakes. 

In May of 1954, he got a position of lecturer 
at Kyoto Gakugei University (now Kyoto Uni- 
versity of Education), and began intensive 
ecological studies of snakes around the paddy 
fields west of Tanbabashi, Fushimi-ku, in the 
southern part of the city of Kyoto. He very 
frequently visited his survey area and did mark- 
recapture studies on a huge number of snakes. 
He kept many snakes in the laboratory and 
recorded data on growth over many years, and 
steadily published his results in English. In 
1955, he was appointed associate professor, 
and in 1961, he got the degree of Doctor of 
Science from the Faculty of Science, Kyoto 
University, under the supervision of Prof. 
Kenji Nakamura. The title of his thesis was 
“On the ecology of snakes in the field.” 

In 1961, he attended a meeting to prepare 
for the establishment of the Herpetological 
Society of Japan (HSJ), and in the next year, 


at the time of the foundation of the society, he 
became a member. In 1966, he was promoted 
to full professor and concurrently served as 
the principal of Momoyama Middle School, 
attached to the University, for four years. In 
1968, he got a grant from the Japanese 
Ministry of Education and stayed in the USA 
for three months. During this stay, he met 
with many herpetologists from around the 
world and established long-lasting friendships 
with them. 

In 1972, the main office of HSJ moved 
from Aoyama Gakuin University, Tokyo, to 
his laboratory at Kyoto University of Educa- 
tion, and he continued to manage the office of 
the society until 1980. He served as the Secre- 
tary of HSJ from 1972 to 1976, and he was an 
officer of the society from 1974 to 1978. At 
the same time, he was the Managing Editor 
from 1977 to 1986. In 1977, he retired from 
Kyoto University of Education and became an 
Emeritus Professor. He became the President 
of the Herpetological Society of Japan in 1978 
and kept this position until 1988. Meanwhile, 
many leading herpetologists, such as Er-mi 
Zhao, Yehudah Werner, and Kraig Adler, 
visited his home. He received them cordially 
and enjoyed talking about herps. Even after 
he retired from the university, he kept snakes 
for a long time at home, and liked to show 
these snakes to his guests. 

In 1983, he got a position as professor in 
biology at Kyoto University of Foreign Lan- 
guages, and continued teaching until he retired 
in 1988, when he was decorated with the Third 
Order of Merit with the Middle Cordon of the 
Rising Sun. Meanwhile, he had serious prob- 
lems with his health, and he could not attend 
the First Sino-Japanese Herpetological Sym- 
posium held from August to September 1985 
in Guangzhou, in spite of his great efforts to 
coordinate the Japanese delegates. In 1986, 
he had surgery for the tip of the pancreas, the 
spleen, and the left kidney at Kyoto University 
Hospital. In 1988, he again received an opera- 
tion for exfoliated ureter, and in 1989 for 
ureter stoma. In 1988, he was elected a honor- 
ary member of HSJ. In spite of his poor 
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health, he continued his study, and presented 
an oral paper at the Second Japan-China 
Herpetological symposium held in July at 
Kyoto University. At home and in hospital, he 
steadily continued to compile field and labora- 
tory data he had accumulated for over 40 
years, and finally completed the publication of 
his monumental life work, Snake Life History 
in Kyoto, in 1992. In October of the same 
year, he attended the 31st annual meeting of 
HSJ at Kyoto University and presented a paper 
on the recapture of snakes. 

In 1993, he had to stay in the hospital for 
two months for Hodgkin’s disease, and in 
1994, he began to receive kidney dialysis. Since 
then, he entered the hospital for a short time 
every year, and received dialysis treatments 
twice a week. Even in this adverse situation, he 
never forgot herpetology, and in November 
1997, he presented a poster paper on captive 
longevity of snakes at the 36th annual meeting 
of HSJ at Kyoto University. Unfortunately, 
this turned out to be his last speech at HSJ 
annual meetings. In 2000, he again entered 
the hospital for one month because Hodgkin’s 
disease recurred. From 2001, he had to receive 
dialysis three times a week. I visited the Pro- 
fessor’s home on 3 March 2002 for a short 
while and took photographs of him. He 
seemed to be not so bad and enjoyed talking 
about HSJ, but this was my last chance to 
meet him. Nine days later, he died at the NTT 
Hospital, Minami-ku, Kyoto, because of car- 
diac failure. He was decorated in recognition 
of his brilliant services in scientific education 
on the same day. 

Because Prof. Fukada belonged to a univer- 
sity of education, where there was no graduate 
course, he had few pupils who became profes- 
sional herpetologists. However, he will surely 
be remembered by the works he left behind 
and for his great contributions to the advance- 
ment of Japanese herpetology. 
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Male Courtship Behavior of Tylototriton (Echinotriton) 
andersoni Boulenger under Laboratory Conditions 


TAEKO UTSUNOMIYA!” AND MASAFUMI MATSUI? 


! Kaminukushina 4-26-21, Higashi-ku, Hiroshima 732-0032, Japan 


* Graduate School of Human and Environmental Studies, Kyoto University, Sakyo, Kyoto 


606-8501, Japan 


Abstract: We observed male courtship behavior of Tylototriton (Echinotriton) 
andersoni in the laboratory. In some males, the cloaca swelled and became wet 
with mucous secretions from December to May. A male in this condition crept 
around a female, sniffing around her body and drawing a thread of mucus from 
his cloaca, so that the female was surrounded by spiderweb-like string of 
mucous attached to the substrate. The male then deposited a spermatophore by 
rubbing his cloaca against the substratum while swaying his body to and fro. 
The male behaved similarly towards females from different localities, though 
we could not observe any female reaction to the male. Under a phase-contrast 
microscope, the gross morphology of sperms from a male from Amamioshima 
Island was similar to that reported for males from Okinawajima. 


Key words: Male courtship behavior; Tylototriton (Echinotriton) andersoni; 
Spermatophore deposition; Sperm morphology; Amamioshima; Tokunoshima; 


Okinawajima 


INTRODUCTION 


Since its original description by Boulenger 
(1892) on the basis of a specimen from Oki- 
nawajima, the Anderson’s alligator newt, Tylo- 
totriton andersoni, has been viewed as a rare 
(Tago, 1931), relict species. Reports on this 
species were thus mostly limited to collection 
records or brief notes on a few biological 
aspects for a very long time (Ichikawa, 1941; 
Momma and Makino, 1941; Koba, 1955, 
1956). Sato (1943) reviewed biological data 
accumulated by that time, but details of distri- 
bution, precise habitats, and breeding ecology 
were totally unknown. 


* Corresponding author. Tel: +81—82—280—1409 


One of us (Utsunomiya, 1973) first observed 
in the laboratory that the female of this 
species lays eggs in the soil, unlike other 
Japanese urodeles. Subsequently, Utsunomiya 
et al. (1978) and Matayoshi et al. (1977, 1978) 
reported detailed distribution and several 
ecological aspects, especially egg-laying habits 
in natural habitats, of this species. Through 
these more recent studies, a gross outline of 
the breeding habits of this species was pro- 
vided. For example, it was shown that this 
newt never enters the water after metamor- 
phosis and lays eggs in the soil under leaf litter 
that could be kept moist during incubation. 
The oviposition site is located near the water, 
but is never flooded. The female rolls her eggs 
with her snout and buries them deep in the 
soil, sometimes as deep as eight cm. It is also 
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known that the male is not present at oviposi- 
tion, and that the female lays fertilized eggs, 
even after isolation from males for several 
months. Actually, males rarely visit the breed- 
ing sites, as shown by the female-biased sex 
ratio at the sites (15 males per 237 females: 
Tanaka, 1994). 

As described below, we found spermato- 
phores deposited in the laboratory more than 
twenty years ago (Utsunomiya, 1982). It was 
puzzling, however, how the male deposits and 
transfers his spermatophores to females with- 
out entering the water, unlike many other 
newts that are aquatic at least in the breeding 
season (Salthe, 1967). In this article, we 
summarize male courtship behavior observed 
in the laboratory, together with gross mor- 
phology of the spermatophore. Part of the 
observations described below have been briefly 
reported (Utsunomiya, 1982) or cited as a 
personal communication (Sparreboom et al., 
2001). 


MATERIALS AND METHODS 


Generic classifications of the Oriental alliga- 
tor newts (7y/ototriton Anderson, 1871, sensu 
lato) differ from one author to another. Cur- 
rent herpetologists tend to follow Nussbaum 
and Brodie’s (1982) idea of assigning several 
species including andersoni to a separate 
genus Echinotriton Nussbaum and Brodie, 
1982. However, because representatives of 
Tylototriton and Echinotriton sensu Nuss- 
baum and Brodie (1982) are genetically very 
close (Hayashi and Matsui, 1989), the validity 
of Echinotriton as a full genus needs further 
taxonomic studies. We herewith treat Echi- 
notriton as a subgenus of Tylototriton. 

Nine specimens of 7: (E.) andersoni were 
used for behavioral and spermatic observa- 
tions: one male collected at Naze-shi, Amami- 
oshima Island, on 12 April 1980; one female 
also from Naze-shi on 13 April 1980; two 
males and one female from Amagi-cho, 
Tokunoshima Island, on 6 April 1972; one 
female also from Amagi-cho on 4 January 
1981; three females collected as eggs on 8 


February 1978 at Gushikawa-shi, Okinawa- 
jima Island, reared in the laboratory, and 
attained sexual maturity within four years. 
The population from Okinawa Prefecture has 
been protected by the prefectural government 
as a natural monument since 9 November 
1978. 

Individuals were reared at the room temper- 
ature and under natural light conditions in 
Hiroshima, Honshu, Japan, except for the 
winter season when the air temperature was 
kept at 15 C. Each terrarium used measured 
36X22xX25 cm and one-third each of the 
bottom was covered with shallow water, 
pebbles, and sand. Pieces of slate were laid on 
the pebbles for shelters, and leaf litter from the 
natural habitat was placed on the sand 
(Utsunomiya, 1973). 

We periodically checked each individual, 
and when some of them showed notable 
bahaviors, we made intensive observations. 
To examine sperms, we took male cloacal 
secretions or the white part of deposited sper- 
matophores, smeared them on glass slides, 
and examined the slides with a phase contrast 
microscope. The male secretions were obtained 
by gently pressing his belly. We also examined 
these slides with a light microscope after fixig 
them with either aceto-orcein or Navasin’s 
solution and staining them with Heidenhain’s 
hematoxylin. 


RESULTS 


Morphological change in the breeding season 

Three adults from Tokunoshima could not 
be sexed at the time of collection on 6 April 
1972, but at the time of observation on 14 
February 1973, two of them had a swollen 
cloaca. The remaining one that did not have a 
swollen cloaca proved to be a female because 
it laid fertile eggs on 9 May 1973. Thus, the 
possession of a swollen cloaca by the two indi- 
viduals also proved to be an indication that 
they were males. 


Male courtship behavior 
On 16 April 1982, we found the cloaca of 
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the male from Amamioshima to be swollen 
and wet with secretions. Because the female 


from the same island kept with him showed no 
response, we put him in another terrarium 
containing a female from Okinawajima. Soon 
after this manipulation, the male tried to sniff 
at the female with his snout close to her body 
(Fig. 1A, B). The female also once reacted to 
the male in such a way as to seem to be trying 
to sniff at him, but soon stopped. The male 
sniffed at her in the order of head, belly, 
cloaca, and tail tip, and repeated this behavior 
several times. The female, however, showed 
no response to his behavior. 

Meanwhile, the male pressed his cloaca on 
a substrate pebble and secreted transparent 
mucus. Then he moved forward for 5-10 cm 
and again pressed his cloaca to another peb- 
ble. By this action, the mucus was extended 
like a string (Fig. 1C, D). The male continued 
this action around the female, keeping his 
snout close to her, and the string of mucus was 
stretched around the female like a spider’s 
web. Unfortunately, most portions of the 
mucous strings soon disappeared on the peb- 
bles that were always kept wet to maintain 
moisture in the cage. 

After continuing this behavior for about 
three minutes, the male placed his cloaca on a 
pebble, swaying his waist. Then he moved his 
body to and fro and slowly lifted his pelvic 
region from the pebble. Below his cloaca, a 
conical spermatophore could be seen tightly 
attached to the pebble. There were white 
portions in and at the top of the otherwise 
transparent spermatophore. After this first 
spermatophore deposition, the male resumed 
pursuing the female, pulling the mucous strings. 
About ten minutes later, the female hid under 
a slate, and we had to cease observation. 

We put the active male into another cage 
containing a female from Tokunoshima, but 
the male did not react toward the female 
during ten minutes of observation. 

Then we put the male into still another cage 
containing the two remaining females from 


Fic. 1. A male Tylototriton (Echinotriton) 
andersoni sniffing at a female (A, B) and a string of 
mucus from the male cloaca (white arrow, C, D). 
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FIG. 2. Two spermatophores of Tylototriton (Echinotriton) andersoni deposited on a pebble and a 


shelter slate. Scale indicates 1 mm. 


Okinawajima that were smaller sibs of the 
female mentioned above. The male soon 
reacted to one of them and resumed the same 
behavior as described above. He pressed his 
cloaca to a shelter slate and left a clear mucous 
string on it. When the forelimb of the female 
became tangled in the mucus, she vigorously 
tried to remove it by rubbing her hand in the 
substrate sand and tried to escape from the 
male. Notwithstanding her action, the male 
persistently tried to move around the female 
drugging mucous strings from his cloaca. We 
failed to continue observation, but, ten min- 
utes later, we found two spermatophores, one 
on a pebble and another on the slate. They 
were connected by mucous strings and thus 
seemed to have been deposited one after the 
other (Fig. 2). 


Spermatophore morphology 

On 10 December 1981, we found two 
spermatophores attached to the surface of a 
slate shelter in a cage containing the male and 
the female from Amamioshima. Both sper- 
matophores were nearly conical in shape (Fig. 
2), transparent like crystal, and partially 
spotted with white. Their material was hard 
but somewhat jelly-like. 

On 23 January 1982, the male from Amami- 
oshima again deposited a spermatophore on a 
slate. It was 4.24.0 mm in base diameter and 
7.1 mm in height. As in the previous case, the 
spermatophore was hard, jelly-like, and trans- 
parent with white portions on top and inside. 


Sperm morphology 

When one female from Tokunoshima laid 
eggs on 9 May 1973, we took them out of the 
soil and washed them in a small amount of 
water. We observed the water thus obtained 
under a light microscope, but could not find 
any sperms. 
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Fic. 3. Clumps of sperms of 7ylototriton (Echi- 
notriton) andersoni in the spermatophore (A) and 
a spermatozoon observed under a phase-contarst 
microscope (B). Scale indicates 10 um. 
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FIG. 4. A spermatozoon of 7ylototriton (Echinotriton) andersoni observed under a phase-contarst 
microscope (A) and the head and neck region observed under a light microscope after staining with aceto- 
orcein (B). ca. 1300. 


For the spermatophores deposited on 10 and the spermatophores became gradually 
December 1981 by the male from Amami- smaller day by day. Therefore, we gave up 


oshima, we continued observation for ten days, further observation and observed these sper- 
in order to witness the way the female took up §matophores under a phase-contrast micro- 
these spermatophores. Unfortunately, how- scope. In the white portion of the spermato- 


ever, the female showed no particular response, phore, we could observe numerous sperms 
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moving slowly, forming a clump (Fig. 3A). 

We failed to measure the size of a spermato- 
zoon exactly, but its total length was approxi- 
mately 250 um (Figs. 3B, 4A). In a spermato- 
zoon, in order, the acrosome, the head proper, 
the neck piece, the axial rod, and the end piece 
could be identified (Fig. 4A). The acrosome 
and the neck piece were not always clearly 
distinguishable from the head proper under 
the phase contrast microscope (Fig. 4A, but 
see Fig. 3B), but the neck piece was clearly 
recognized by its thickness and chromatic 
nature when stained with aceto orcein (Fig. 
4B). The end piece was relatively long, and 
was formed by a posterior extension of the 
flagellum, and was free from the axial rod 
(Fig. 4A). 


DISCUSSION 


Newts of the family Salamandridae are highly 
deiversified in their reproductive habits and 
quite a few studies have been made on their 
courtship behavior (e.g., Salthe, 1967; Halli- 
day, 1977). Males of some genera (e.g., 
Cynops, Triturus) court by tail-fanning in 
front of their mates (Kawamura and Sawada, 
1959; Halliday, 1977), while those of other 
genera (e.g., Pleurodeles, Salamandra) clasp 
females before spermatophore deposition 
(Arnold, 1977). Most members of this family 
generally breed in the water, and of the genus 
Tylototriton, all four species of the subgenus 
Tylototriton, T:. (T.) taliangensis, T: (T.) 
kweichowensis, T: (T:) shanjing (Fei et al. 
1999: T. (T.) shanjing treated as T- (T.) 
verrucosus), and T: (T:) verrucosus, also 
breed in the water (Annandale, 1908; Smith, 
1924; Fei et al. 1999). 

On the other hand, all members of the 
subgenus Echinotriton, T: (E.) andersoni, T. 
(E.) chinhaiensis, and T: (E.) asperrimus, lay 
eggs on land (Utsunomiya, 1973; Fei et al. 
1999). The paucity of detailed relevant infor- 
mation on these terrestrial breeders, however, 
has been an obstacle to inferring evolutionary 
trends in the courtship behavior of the Sala- 
mandridae (Sparreboom et al., 2001). 


Because T: (E.) andersoni never enters the 
water after metamorphosis, spermatophore 
transfer in this species is enigmatic. As shown 
above, our observations in the laboratory were 
successful in elucidating the male behavior for 
depositing spermatophores, but we failed to 
detect the way the female receives spermato- 
phores. It is probable that the females we used 
were not ready for receiving sperms due to 
their age (too old or too young). Also, differ- 
ences in locality between the females.and the 
male might have prevented acceptance of the 
spermatophores by the females, considering 
the substantial between-island genetic and 
morphological variation in 7: (E.) andersoni 
(Hayashi et al., 1992). However, the male 
indiscriminately exhibited courtship behavior 
toward females from different localities. 

Sparreboom et al. (2001), on the basis of 
captive observations, reported mating behav- 
ior of T: (E.) chinhaiensis, which was basically 
similar to that reported here for 7? (E.) ander- 
soni with respect to the male behavior up to 
the stage of spermatophore deposition. In 
both species, for example, the male, after sniff- 
ing the female, marks a trail around her by 
excreting mucous from his cloaca, and finally 
deposits the spermatophore without clasping 
her. Like male 7? (E.) andersoni, male T? (E.) 
chinhaiensis may deposit several spermato- 
phores in one evening (Sparreboom et al., 
2001). 

Sparreboom et al. (2001) observed the trail- 
marking by mucous excretion from the male’s 
cloaca in T. (E.) chinhaiensis, and assumed 
the behavior to be a remarkable feature of this 
species. They also surmised that this trail, 
presumably serving as orientation for the 
female through olfactory or tactic stimuli, has 
evolved as an adaptation to underground 
mating. But we are dubious of this view because 
the male 7: (E.) andersoni observed by us 
marked a trail only on pebbles and slates, 
never on the surrounding soil. We suspect the 
spiderweb-like threads to be an apomorphy 
of Echinotriton, although this view needs 
substantial verification on the basis of obser- 
vations on the other species of this subgenus. 
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In this context, the behavior of 7: (E.) asperri- 
mus should be examined, because its alloca- 
tion to the subgenus Echinotriton is question- 
able (Nussbaum et al., 1995). 

In our observations, females showed no 
particular responses to the male’s courtship 
behavior including rejection or unresponsive- 
ness, such as the snout-kick which Sparreboom 
et al. (2001) found in 7: (E.) chinhaiensis. In 
that species, the female, when pairing with the 
male, follows him on an ellipsoid track. After 
deposition of a spermatophore by the male, 
the female is lead over it by aligning her body 
with the male. Finally the female shifts her 
pelvic region and traces the spermatophore 
with her cloaca (Sparreboom et al., 2001). 
Sparreboom et al. (2001) noted that the 
female’s success or failure in receiving the 
sperm mass was ascertained by the removal of 
the white sperm cap from the spermatophore 
base, but they did not make it clear whether or 
not the sperm cap had been absorbed in the 
female’s cloaca. 

Most probably, a succession of similar 
behaviors enables the female of 7? (E.) ander- 
soni to receive the spermatophore. Future 
detailed studies of female behavior in this 
species, including her treatment of the sperm 
cap, which Sparreboom et al. (2001) failed to 
ascertain in 7: (E.) chinhaiensis, are strongly 
desired both in the laboratory and in the field. 

As briefly mentioned by Sparreboom et al. 
(2001) on the basis of information from one of 
us (Utsunomiya, pers. comm., 2000), the sper- 
matophore of 7: (E.) andersoni (4.24.0 mm 
in base diameter and 7.1 mm in height) was 
much larger than that of T. chinhaiensis (2.5- 
3 mm both in base diameter and in height), 
and this difference, approximately 4—7 times in 
volume, might lead to a difference in the 
frequency of spermatophore deposition. The 
spermatozoon of TJ: (£.) andersonii from 
Okinawajima was described in detail by 
Kuramoto and Tanaka (1997). The morphol- 
ogy of sperms from the Amamioshima male 
examined here basically fits their description 
well. All major characteristics observed in the 
spermatozoa of T: (E.) andersonii (e.g., much 


smaller size [c.a. 250 um] than that of 
Cynops pyrrhogaster [419 um: Mori, 1936], 
possession of a flagellum end which is free 
from the axial rod, thus forming a long end 
piece) agree well with those reported by 
Kuramoto and Tanaka (1997). We could not 
consistently distinguish the acrosome and the 
neck piece from the head proper in our obser- 
vations with a phase-contrast microscope. 
Kuramoto and Tanaka (1997) similarly could 
not clearly distinguish them from head proper 
in their SEM observations. This indicates the 
necessity of employing more than one method 
for correct observation of sperm morphology. 
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Female Size-specific Clutch Parameters of Two Closely 
Related Stream-breeding Frogs, Rana sakuraii and R. tagoi 
tagoi: Female Size-independent and Size-dependent Egg Sizes 
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Abstract: Clutch parameters, such as clutch size, egg size, and clutch volume 
were studied in relation to female body size for two closely related species of 
stream-breeding frogs, Rana sakuraii and R. tagoi tagoi, in the Kanto district of 
Honshu, Japan. Two populations were studied for each species. Mean clutch 
size (approximately 130) did not show significant interspecific or intraspecific 
variation. In contrast, mean egg size differed between species or conspecific 
populations. Rana sakuraii laid larger eggs than any other anuran species in 
Japan (3.20 and 3.36 mm in mean diameters of two populations), but the eggs 
of R. t. tagoi were slightly smaller (2.79 and 2.94 mm). We could not detect any 
significant effect of age on clutch parameters in R. ¢. tagoi, after adjusting for 
female body size. We reviewed data on the relationship between female size and 
egg size in amphibian species, and found that most (71%) of the species or 
populations so far studied show a significantly positive correlation between 
these parameters. In the present study, no significant correlation was recog- 
nized between female size and egg size in R. sakuraii, but they were significantly 
positively correlated in R. ¢. tagoi. The evolutionary significance of variation in 
the relationship between these parameters is discussed. 


Key words: Rana sakuraii; Rana tagoi; Clutch parameters; Age; Relationship 
between female size and egg size 


INTRODUCTION 


Egg size is usually one of the most important 
fitness components in species with no parental 
care, since this parameter may strongly affect 
growth and survival of hatchlings and clutch 
size in females. Recent studies showed that in 
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a variety of animal groups the egg size varies 
not only among conspecific populations or 
different species, but also among females 
belonging to the same population or even 
within the same individual (see Roff, 1992). 
For elucidation of ultimate factors determining 
the egg size, considerations regarding patterns 
of inter- and intrapopulational variations in 
this parameter and their proximal causes are 
essential. 

Egg size variation has been documented for 
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some Japanese amphibians, such as Bufo 
Japonicus (Matsui, 1989), Hynobius nigre- 
scens (Takahashi and Iwasawa, 1988), and H. 
tokyoensis (Kusano and Hayase, 1990). Nev- 
ertheless, little information is yet available 
regarding the quantitative aspect of egg size 
and other clutch parameters for most Japanese 
amphibians. 

In many populations or species, egg size is 
correlated with female body size: larger females 
produce larger eggs (see Roff, 1992). There- 
fore, when we analyze egg size variation, the 
relationship between female body size and egg 
size must be taken into consideration. However, 
the correlation just noted is not always the 
case: for example, in some amphibian popula- 
tions or species, egg size does not depend on 
female size (e.g., Howard, 1978; Kuramoto, 
1978). 

Rana sakuraii has the unique ecological trait 
of breeding in streams (Matsui and Matsui, 
1990). Stream breeders are a minor group 
among Japanese anurans: of the 38 anuran 
species found in Japan, only seven (Buergeria 
buergeri, Bufo torrenticola, four species of 
the R. narina complex, and this species) are 
typical stream breeders (Maeda and Matsui, 
1999). Lotic environments in streams differ 
physically and ecologically from lentic ones 
such as those in ponds, and are usually very 
severe for both breeding adults and larvae. 
Stream breeders, therefore, must have devel- 
oped unique morphological, reproductive, and 
life history traits. The way by which these 
anurans breed successfully in lotic environ- 
ments is an interesting issue. At present, 
however, we have rather little information on 
stream breeders as compared to pond breed- 
ers. We believe that elucidation of reproduc- 
tive ecology of stream breeders would provide 
valuable information for better understanding 
of the evolution of reproductive strategies in 
anurans. 

In the present paper, we examine clutch 
parameters in relation to female body size in 
R. sakuraii and its close relative, R. tagoi tagoi, 
in the Kanto district. We also discuss ecological 
and evolutionary factors affecting relative egg 


size in these species. 


MATERIALS AND METHODS 


Study site 

The breeding populations of R. sakuraii and 
R. t. tagoi were studied at five sites: Bonbori, 
Takigahara, Kusagyu, Ichinosawa, and Kami- 
ange (Fig. 1). The study site at Bonbori is an 
upper tributary of the Bonbori River (35°42'N, 
139°11'E) in Akiruno-shi, Tokyo, at an altitude 
of 380m. This stream is located in a moun- 
tainous region covered with planted coniferous 
forests of Cryptomeria japonica and Chamae- 
cyparis obtusa and secondary deciduous for- 
est. At this site, the stream was about 3 m in 
maximum width and 50 cm in maximum depth. 
We collected breeding adults of R. sakuraii by 
hand or using drift nets during the breeding 
seasons (February—early March) of 1986-1988 
(see Kusano and Fukuyama, 1989). We also 
collected R. sakuraii from two other sites in 
Tochigi Prefecture: Takigahara and Kusagyu. 
The study site at Takigahara is an upper tribu- 
tary of the Kurokawa River (36°42'N, 139°35'E) 
in Nikko-shi, at an altitude of 530m. The 
other study site at Kusagyu is an upper 
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Fic. 1. Locations of study sites in the Kanto 
district, Honshu, Japan. 
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tributary of the Oashigawa River (36°39'N, 
139°34'E) in Kanuma-shi at an altitude of 
440 m. Both of these streams are also located 
in a mountainous region, covered with planted 
coniferous forests of C. japonica, and were 
about 3—5 m in maximum width and 50 cm in 
maximum depth. Breeding adults were col- 
lected by hand during late February—late March 
of 1999-2000. 

The breeding adults of R. 4 tagoi were 
collected from Ichinosawa in Kiyokawa-mura, 
Kanagawa Prefecture, and from Kamiange in 
Hachioji-shi, Tokyo. The study site at Ichi- 
nosawa is a small stream near the headspring 
of an upper tributary of the Nunokawa River 
(35°28'N, 139°13'E), at an altitude of 460 m. 
The stream is located in a mountainous region 
chiefly covered with coniferous forests of Abies 
firma and Tsuga sieboldii. At this site, the 
stream was about 1 m in maximum width and 
20cm in maximum depth. The other study 
site at Kamiange is a seepage area on the 
banks of an upper tributary of the Kitaasakawa 
River (35°39'N, 139°11'E) at an elevation of 
460 m. The surrounding region is covered with 
planted coniferous forests of C. japonica and 
C. obtusa and secondary deciduous forest. 
We collected breeding adults by hand during 
April of 1987-1990 (see Kusano et al., 1995a). 


Measurements of clutch parameters 

Each gravid female collected was measured 
for snout-vent length (SVL) to the nearest 
0.5 mm with a sliding caliper, and was placed 
with a male in an individual plastic container 
(15 cm in diameter and 9 cm in depth) with 
aged tap water (4 cm in depth). Most of the R. 
t. tagoi females deposited eggs by the next 
morning, but R. sakuraii required several days 
until spawning (Kusano and Fukuyama, 1987). 
Eggs of each clutch were separately counted 
to determine clutch size. A sample of ten (for 
Tochigi populations) or 20 eggs (for the oth- 
ers) was selected at random from each clutch, 
and the diameter of each egg was measured to 
the nearest 0.02 mm with an ocular microme- 
ter attached to a binocular microscope. The 
developmental stage of eggs (Gosner, 1960) 


was also recorded at the time of measurement. 
Mean egg diameter was then calculated for 
each sample as a representative value for each 
clutch. The volume of each clutch was calcu- 
lated from the mean egg diameter (d) and the 
clutch size (n) as (1/ 6)nrd?, assuming that the 
eggs were invariably spherical. 


Estimating initial egg size 

Many eggs were first measured at stages 
beyond the first cleavage. Because amphibian 
eggs are known to change in size during early 
development (Kaplan, 1979; King and Kaplan, 
1997), we needed to estimate initial sizes for 
eggs that were measured after some develop- 
ment. For such estimations, 20 uncleaved eggs 
were collected from a newly deposited clutch 
of female R. ¢ tagoi from Kamiange in April 
1988. Eggs were measured immediately after 
being laid, and then were placed in a petri dish 
containing aged tap water, where they were 
kept at 22C. At various stages of their early 
development (up to stage 10), the eggs were 
staged and measured to record changes in 
diameter. 


Age determination 

Toes were clipped off from part of the R. ¢. 
tagoi females captured and were stored in sep- 
arate vials containing 10% buffered formalin. 
By counting year rings in the hematoxylin- 
stained crosssections of these phalanges (see 
Kusano et al., 1995a, b), age was determined 
for each individual to examine its effects on 
clutch parameters. 


Statistical analysis 

Statistical analyses were performed with the 
Statistical Analyses Software version 6.12 (SAS 
Institute Inc., 1990). Differences of clutch 
parameters were examined among populations 
using a one-way analysis of variance (ANOVA). 
The relationships between female body size 
and clutch parameters were analyzed using 
simple regression equations. The regression 
equation between body size and clutch volume 
was calculated after both variables were log- 
transformed. These regressions were compared 
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among populations by an analysis of covari- 
ance (ANCOVA). The significance level in all 
tests was P<0.05. Multiple comparisons for 
means were made following the procedure of 
the Tukey test (Zar, 1996). 


RESULTS 


Estimating initial egg size 

The eggs of R. t tagoi used in the experi- 
ment ranged from 2.70 to 2.90 mm (x=2.81, 
SD=0.069) in diameter at the initial uncleaved 
stage. Egg diameter increased with the progress 
of development to 3.01 mm in mean (SD=0.063) 
(Fig. 2). The rate of increase was marginal 
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FIG. 2. The relationship between developmen- 
tal stages up to the start of gastrulation and ovum 
diameter (x+SD, n=20) in Rana tagoi tagoi. 


(2.0%) up to stage 7, but then became more 
rapid. The mean diameter of eggs at stage 10 
was larger than that at the uncleaved initial 
stage by 7.1%. Using the data depicted in Fig. 
2, diameters of all eggs measured were con- 
verted to those at the initial uncleaved stage. 


Body size and clutch parameters 

A total of 41 gravid females of R. sakuraii 
were collected from Bonbori, and 12 and 
three females were from Takigahara and 
Kusagyu, respectively. Because the latter two 
study sites are close to each other (only 5 km 
apart: Fig. 1) and values for clutch parameters 
in the three females from Kusagyu were all 
within the range of corresponding values in the 
Takigahara females, data for clutch parame- 
ters from the two sites were pooled as those for 
a Tochigi population. 

A total of 34 and 20 females of R. t. tagoi 
were collected from Ichinosawa and Kami- 
ange, respectively. We could not determine 
clutch sizes for parts of these samples, since 
some females apparently failed to deposit 
complete clutches. 

Clutch parameters of females representing 
the four populations of the two species are 
shown in Table 1. Clutch size varied from 53 
to 186 in R. sakuraii, and from 63 to 200 in R. 
t. tagoi. The mean clutch size did not differ 
significantly among the four populations. By 
contrast, significant differences were detected 
in egg size and clutch volume among those 
populations (Table 1). Egg size ranged from 


TABLE 1. Body size and clutch parameters of populations of Rana sakuraii and R. tagoi tagoi. 
R. sakuraii R. t. tagoi 
Bonbori Tochigi Ichinosawa Kamiange ANOVA 
Variables x+SD n ESD n xtSD n xt+SD n F P 
Snout-vent length (mm) 48.943.1 41 51.942.7 15 44.042.5 34 42.143.4 20 48.77 <0.0001 
Clutch size 126.4+29.7 41 131.1+27.5 14 128.5428.2 34 130.5431.118 0.13 0.9406 
Egg size (mm) 3.20+0.1041 3.36+0.1515 2.94+0.0934 2.79+0.13 20 107.63 <0.0001 


Clutch volume (mm?) 2169+529 41 


2624+665 14 


1713+424 34 15184464 18 17.49 <0.0001 
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2.98 to 3.57 mm in R. sakuraii at Bonbori, 
from 3.08 to 3.58 mm in this species at Tochigi, 
from 2.73 to 3.11 mm in R. ¢ tagoi at Ichi- 
nosawa, and from 2.53 to 2.95 mm in this 
species at Kamiange. In the Tukey multiple 
range test, the mean egg size differed signifi- 
cantly, not only between the two species, but 
also between the two populations of each 
species. 

Body size also differed significantly between 
the two species: R. sakuraii was, on average, at 
least 10% larger than R. ¢. tagoi (Table 1). In 
addition, SVL differed significantly between 
the two populations of R. sakuraii. Since clutch 
parameters of amphibian species, such as egg 
size and clutch size, often show significant cor- 
relations with female body size (e.g., Kuramoto, 
1978; Kaplan, 1980), effects of variation in 
female size should always be considered when 
comparing those clutch parameters between 
populations. 
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FIG. 3. Relationship between female body size 
and clutch size in four populations of Rana sakuraii 
and R. ¢. tagoi. Regressions of the four populations 
differed significantly in elevation. Solid lines denote 
regressions for Bonbori (Y=7.40X—235, r=0.774, 
n=41: above) and Tochigi (Y =7.82X—273, r=0.771, 
n=14: below) populations of R. sakuraii. Dashed 
lines denote regressions for Kamiange (Y=7.99X— 
207, r=0.879, n=18: above) and Ichinosawa 
(Y=7.79 X-214, r=0.690, n=34: below) popula- 
tions of R. t. tagoi. 


Females of both species showed a significant 
positive correlation between clutch size and 
SVL (Fig. 3). The ANCOVA showed that R. 
sakuraii deposited a fewer number of eggs for 
body size than R. t. tagoi: the adjusted means 
were 108.8, 92.1, 148.3, and 163.5 at Bonbori, 
Tochigi, Ichinosawa, and Kamiange, respec- 
tively. The differences of adjusted means were 
all statistically significant among the four pop- 
ulations (Tukey test, P<0.0001 between both 
species, and P=0.0347 between Bonbori and 
Tochigi, P=0.0363 between Ichinosawa and 
Kamiange). 

For R. ¢. tagoi, egg size was also significantly 
correlated with female SVL: larger females 
deposited larger eggs than smaller ones (Fig. 4; 
r=0.636, for Ichinosawa, r=0.774 for Kami- 
ange, P<0.0001 in both). The regressions dif- 
fered significantly in elevation between the two 
populations, meaning that similar-sized females 
deposited larger eggs at Ichinosawa than at 
Kaminage (ANCOVA, F=17.75, P<0.0001). 
By contrast, no significant relationship was 
detected for the two populations of R. sakuraii 
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Fic. 4. Relationship between female body size 
and egg size in four populations of Rana sakuraii 
and R. t. tagoi. No significant relationships were 
recognized in either population (Bonbori and 
Tochigi) of R. sakuraii. Dashed lines denote regres- 
sions for Ichinosawa (Y =0.0241X+ 1.876, r=0.636, 
n=34: above) and Kamiange (Y =0.0283X+ 1.600, 
r=0.774, n=20: below) populations of R. t. tagoi. 
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(r=0.198, P=0.215 at Bonbori; r=0.362, 
P=0.185 at Tochigi). All females of R. sakuraii 
but one deposited eggs of more than 3 mm in 
diameter, and most plots of R. sakuraii were 
located above those of R. ¢. tagoi (Fig. 4). 
These results indicate that the egg size of R. 
sakuraii was larger than that of R. t tagoi, 
even if adjusted for body size, and that the 
mean egg size of the R. sakuraii population 
was significantly larger at Tochigi than at Bon- 
bori (t=4.471, P<0.0001). 

The regression of clutch volume against 
female SVL did not differ significantly between 
populations of R. sakuraii or of R. t. tagoi 
(Tukey test, P>0.97 in both), but differed 
significantly in elevation between populations 
of R. sakuraii and R. t. tagoi (P<0.025 in all 
combinations). The adjusted means of the 
clutch volumes were 1727, 1694, 2041, and 
2080 mm? for the Bonbori, Tochigi, Ichi- 
nosawa, and Kamiange populations, respec- 
tively (Fig. 5). Clutch volume of R. sakuraii 
was, therefore, approximately 17% smaller 
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FIG. 5. Relationship between female body size 
and clutch volume. The log-log regression did not 
differ significantly between two populations in each 
species, and a single regression equation was thus 
calculated from combined conspecific data sets. 
Solid and dashed lines indicate regressions of R. 
sakuraii (logY =3.627logX—2.802, r=0.82, n=55) 
and R. t. tagoi (logY=3.848logX—3.097, r=0.90, 
n=52), respectively. 


than that of R. t= tagoi when compared 
between similar-sized females. 


Age and clutch parameters 

A total of 26 females of R. t tagoi (18 and 
eight from Ichinosawa and Kamiange, respec- 
tively) was aged by skeletochronology using 
phalanges. Their ages ranged from two to 
four years (see also Kusano et al., 1995a). 
Because clutch parameters were closely related 
to body size as mentioned above (Figs. 3-5), 
it was necessary to examine the relationship 
between age and clutch parameters after remov- 
ing the effect of female SVL. Relative egg 
and clutch sizes were, therefore, calculated as 
residuals from the regressions of these param- 
eters against SVL (Figs. 3 and 4). We could 
not find any clear trends in the relationship 
between age and these parameters (Fig. 6). 
Partial correlation coefficients were also calcu- 
lated to eliminate any effect of female body 
size (s), but we could not detect any significant 
correlations between age (a) and egg size (e), 
or between age and clutch size (C): fae.<=— 
0.167 (n=18, P=0.521) and —0.148 (n=8, 
P=0.751), fac-s=—0.142 (n=18, P=0.587) and 
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FIG. 6. Relationship between age and clutch 
parameters adjusted for female body size in Rana t. 
tagoi. Relative clutch parameters were defined as 
residuals from regressions of clutch parameters 
against female SVL shown in Figs. 3 and 4. 
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0.468 (n=8, P=0.290) for the Ichinosawa 
population and the Kamiange population, 
respectively. 


DISCUSSION 


Large egg size and factors affecting egg size 

In Japanese anurans, egg size varies greatly 
from 1.0 to 3.0—4.0 mm in diameter, although 
reliable quantitative data has not yet been pro- 
vided for most species (Maeda and Matsui, 
1999). This study showed that R. sakuraii and 
R. t. tagoi produce small clutches of large eggs, 
and that R. sakuraii is one of the species that 
lay the largest eggs among Japanese anurans 
with mean egg diameter being larger than 
3.2 mm (Table 1). In salamanders, large egg 
size, usually accompanying small clutch size, is 
considered to be a consequence of larval adap- 
tation to lotic environments, such as large prey 
size and poor productivity of food (Nussbaum, 
1985). In R. sakuraii and R. t¢. tagoi, unlike 
salamander larvae, larvae are not carnivorous, 
and large prey size cannot be a selective force 
favoring large egg size. In addition to poor 
productivity, a rapid current itself is considered 
to be an important factor promoting the evo- 
lution of large egg size. In lotic environments, 
a rapid current prevents larvae from foraging 
efficiently, and they cannot help largely depend- 
ing upon yolk to complete metamorphosis. 

The two species studied breed in montane 
streams. Even so, however, R. ¢. tagoi does 
not spawn in currents of main streams, but 
breeds in more lentic habitats than those of R. 
sakuraii, such as slowly flowing underground 
waters on stream banks (Maeda and Matsui, 
1999). The selective pressures for large eggs 
are thus expected to be stronger in R. sakuraii, 
which spawns in main streams, and egg size 
was actually larger in this species than in R. ¢. 
tagoi (Table 1 and Fig. 4). 


Relationship between female size and egg 
size 

The present study showed that in R. sakuraii 
egg size was not significantly correlated with 
female body size, but R. t tagoi showed a 


significant positive correlation between the 
two parameters (Fig. 4). In amphibian species, 
positive correlation of these parameters is 
commonly observed (see Roff, 1992), although 
a few papers have reported the absence of 
such correlation. To review the general ten- 
dency concerning the relationship between 
female size and egg size, we gathered relevant 
published and unpublished data for amphib- 
lan species. Data were available for 51 popu- 
lations representing 28 species (20 for anurans 
and eight for urodeles: Table 2). Among them, 
36 populations (70.6%) showed statistically 
significant correlations (one-tailed, P<0.05), 
and in all of these populations but that of 
Cynops pyrrhogaster, the correlations were 
positive. In the remaining 15 populations, egg 
size did not exhibit statistically significant cor- 
relations with female body size. This may 
possibly be attributable to low statistical power 
of the test because of the insufficient sizes of 
samples examined. 

In the populations showing significant corre- 
lations between the two parameters (n= 36: see 
above), the absolute value of correlation coef- 
ficients (r) ranged from 0.21 to 0.87 (x=0.57, 
SD=0.18). We calculated the statistical power 
of the test using the program GPower (Erd- 
felder et al., 1996), when the correlation was 
not significant. The power was calculated sup- 
posing a large effect (r=0.5) according to 
Cohen’s effect size convention (see Cohen, 
1988), because the mean effect size of signifi- 
cant correlations seemed to be high. The 
result showed that a sufficient power of test 
(P>0.8) required at least 21 specimens, ren- 
dering the absence of significant correlation in 
nine of the 15 populations to be unreliable 
(Table 2). We thus believe that the non-signif- 
icant results were reliable only for six popula- 
tions (11.8%), including the Bonbori popula- 
tion of R. sakuraii, and that in most amphibian 
species the egg size is positively correlated with 
the female body size. 


Evolutionary significance of female size- 
dependent and size-independent egg sizes 
Table 2 shows that relationship between 
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TABLE 2. Relationship between female body size and egg size in amphibian species. Correlations were 
tested at the significance level of 0.05 (one-tailed). The power of the test was calculated supposing a large 
effect (r=0.5) according to Cohen’s effect size convention (Cohen, 1988). +/— and NS indicate significant 
positive/negative correlations and non-significant correlations, respectively. A question mark (?) shows the 
non-significant result with low power (P<0.8). In Bombina orientalis (*), a weighted mean of five years is 
presented for each population. 


Species ie n Corr. Power Source 
Rana sylvatica 0.40 83 + Berven (1982) 
0.30 87 + 
R. temporaria 0:87 16 + Ryser (1988) 
0.29 126: = Gibbons and McCarthy (1986) 
R. catesbeiana 0.00 23 NS 0.85 Woodward (1987a) 
0.08 14 NS? 0.65 Howard (1978) 
0.39 10 NS? 0.51 
R. japonica O7si5 31 + Kuramoto (1978) 
R. tsushimensis 0.64 38 + Kuramoto (1978) 
R. tagoi 0.10 21 NS 0.82 Kuramoto (1978) 
0.64 34 + This study 
0.77 20 + 
R. sakurati 0.20 41 NS 0.98 _ This study 
O36)) MS: INS? 42068 
R. nigromaculata OST esis = Kuramoto (1978) 
0.78 lt “+ Shimoyama (1993) 
R. porosa brevipoda 0.21 38 NS 0.97 Kuramoto (1978) 
R. limnochalis 0.23 19 NS? 0.78 Kuramoto (1978) 
Bufo calamita 0.81 10 + Banks and Beebee (1986) 
0.48 41 + Tejedo (1992) 
B. viridis 0.36 16 NS? 0.71 Jorgensen (1984) 
B. woodhousei O6ie 230% ae Woodward (1987a) 
Ayla japonica 0.04 32 NS 0.94 Kuramoto (1978) 
0.41 110 + Ichiyanagi (unpubl.) 
Pseudacris triseriata 0.50 16 + Pettus and Angelton (1967) 
0.46 31 + 
Microhyla ornata 0.40 27 + Matsui and Ota (1984) 
Rhacophorus schlegelii 0.15 9 NS? 0.47  Kuramoto (1978) 
Buergeria buergeri 0.84 10 + Kuramoto (1978) 
0.75 50° + Fukuyama and Kusano (1989) 
Bombina orientalis * OO i43haae Kaplan and King (1997) 
0.28 731 + 
Scaphiopus couchi 0.34 28 + Woodward (1987b) 
Ambystoma talpoideum 0.40 262 + Semlitsch (1985) 
A. maculatum 0.44 17 + Woodward (1982) 
029° 16 NS? - 0:71 
Hynobius nigrescence 0.74 17 + Takahashi and Iwasawa (1989) 
0.52 14 + 
0.40 17 NS? 0.73 
0.58 91 + 
0.64 25 + 
055 5 17 Ver 
H. tokyoensis 0.55 34 + Kusano (1982) 
0.80 25 + Kusano and Hayase (unpubl.) 
0.70 13 + 
H. tsuensis 0.31 10 NS? 0.51 Kuramoto (1978) 
H. kimurae 0.66 15 + Misawa and Matsui (1997) 
0.72. VS). 
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TABLE 2. —Extended. 

Onychodactylus japonicus 0.68 23 Kuramoto (1978) 

Cynops pyrrhogaster —0.43 23 Kuramoto (1978) 
—0.20 29 NS 0.92 Kusano (unpubl.) 


female size and egg size varies not only between 
species, but also between conspecific popula- 
tions, such as those belonging to R. tagoi or 
Hyla japonica. Smith and Fretwell’s (1974) 
standard model of size-number trade-off pre- 
dicts that optimal offspring size does not 
depend on the resource status (corresponding 
to body size) of females, and that females 
should produce eggs of a constant size, irre- 
spective of their body size. Then, why do large 
females actually tend to produce large offspring 
in most populations or species of amphibians? 

Two different models have been presented to 
explain the evolution of such a positive corre- 
lation (see Roff, 1992). Parker and Begon 
(1986) demonstrated that a positive correla- 
tion between female size and offspring size 
becomes adaptive only if the density of larvae 
competing with sibs or non-sibs within an 
oviposition site affects larval success. On the 
other hand, McGinley (1989) proposed a 
different model that showed an occurrence 
of positive correlation when larval survival 
increases with clutch size due to, e.g., satiation 
of predators. The situation postulated by 
McGinley may be uncommon in amphibians, 
but sib and non-sib competition easily occurs 
in larvae of a variety of amphibian species, 
especially those breeding in closed narrow 
waters. We believe that Parker and Begon’s 
model can be applied to female size-dependent 
egg size in amphibians. 

As mentioned above, R. t. tagoi breeds in 
slowly flowing underground waters on the 
stream banks. Under such relatively lentic 
conditions, hatchlings may be able to forage, 
although they can complete metamorphosis 
without food (Iwasawa, 1971). If larval forag- 
ing occurs in the closed narrow underground 
waters, sib or non-sib competition must become 
severe. Such a situation would favor female 
size-dependent egg size according to the pre- 
diction by Parker and Begon’s model. 


By contrast, R. sakuraii breeds in rapid 
currents of montane streams, and such lotic 
environments prevent hatchlings from forag- 
ing on the stream bottom. Hatchlings from 
large eggs have a large amount of yolk. They 
burrow into gravel at the bottom of the stream 
just after hatching and develop within the 
gravel layer (Kusano, 1996). Since they com- 
plete metamorphosis without foraging by uti- 
lizing only their own yolk, a density-dependent 
process does not occur between larvae. Lack 
of competition between larvae may promote 
the evolution of female size-independent egg 
size in R. sakuraii, as Smith and Fretwell 
(1974) predicted. Thus, differences in breed- 
ing microenvironments between the two closely 
related species might have lead to the different 
relationships between female size and egg size. 

For R. t. tagoi, Kuramoto (1978), on the 
basis of data from a population in Fukuoka, 
Kyushu, reported absence of significant corre- 
lation between female size and egg size (Table 
2). The population studied by Kuramoto is 
more than 800 km WSW of the Kanto popula- 
tions studied here. Considering that R. t. tagoi 
shows a variety of breeding habits (Maeda and 
Matsui, 1999), it is probable that the Fukuoka 
population of R. 4. tagoi breeds in more lotic 
environments, although we have little infor- 
mation on the breeding habits of this popula- 
tion. 

In addition to larval competition with sibs or 
non-sibs, clutch frequency may also affect the 
optimal egg size in relation to female size. 
Parker and Begon (1986) predicted that when 
females can divide reproductive resources into 
several clutches, the correlation between female 
size and egg size becomes weak. We thus 
expect that no correlation occurs more fre- 
quently in multiple-clutch species (or popula- 
tions) than in single-clutch ones, and the data 
of Table 2 seem to agree with this expectation. 
For example, among 18 Japanese species listed 
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in Table 2, five species are known to produce 
multiple clutches in a season: R. catesbeiana, 
R. porosa brevipoda, R. limnocharis, Hyla 
japonica, and Cynops pyrrhogaster (Maeda 
and Matsui, 1999; Ichiyanagi, unpubl.; Hayashi, 
1996). None of these species exhibits signifi- 
cant positive correlation between female size 
and egg size, although statistical power is not 
sufficient for R. limnocharis due to small sam- 
ple size. 

At present, information regarding variation 
in the relationship between female size and egg 
size in amphibians is still too insufficient to 
discuss its evolutionary relevances in detail. 
Accumulation of additional data is thus much 
desired. 


ACKNOWLEDGEMENTS 


We thank Ryousaku Takatori, Hiroshi Tokura, 
and other members of the Akikawa Fisher- 
men’s Cooperative Association for allowing us 
to survey in the stream, and the Board of 
Education of Itsukaichi-machi for providing 
facilities. We also wish to thank Shingo Tanabe 
for providing valuable information on the 
breeding populations of Rana tagoi tagoi in 
Tokyo and Kanagawa, Kinji Fukuyama, Tat- 
suo Kurihara and Yuki Kimura for their assis- 
tance in the field survey, and Hidetaka Ichiy- 
anagi for allowing us to use his unpublished 
data. 


LITERATURE CITED 


BANKS, B. AND T. J. C. BEEBEE. 1986. A compari- 
son of the fecundities of two species of toad 
(Bufo bufo and B. calamita) from different 
habitat types in Britain. J. Zool., Lond. (A) 
208(3): 325-337. 

BERVEN, K. A. 1982. The genetic basis of altitudi- 
nal variation in the wood frog Rana sylvatica. I. 
An experimental analysis of life history traits. 
Evolution 36(5): 962-983. 

COHEN, J. 1988. Statistical Power Analysis for the 
Behavioral Sciences. 2nd ed. Lawrence Erlbaum, 
New Jersey. 567 p. 

ERDFELDER, E., F. FAUL, AND A. BUCHNER. 1996. 


GPower: A general power analysis program. 
Behavior Research Methods, Instruments, and 
Computers 28(1): 1-11. 

FUKUYAMA, K. AND T. KUSANO. 1989. Sexual size 
dimorphism in a Japanese stream-breeding frog, 
Buergeria buergeri (Rhacophoridae, Amphibia). 
p. 306-313. In: M. Matsui, T. Hikida, and R. C. 
Goris (eds.), Current Herpetology in East Asia. 
Herpetological Society of Japan, Kyoto. 

GIBBONS, M. M. AND T. K. MCCARTHY. 1986. The 
reproductive output of frogs Rana temporaria 
with particular reference to body size and age. J. 
Zool., Lond. (A) 209(4): 579-594. 

GOSNER, K. L. 1960. A simplified table for staging 
anuran embryos and larvae with notes on identi- 
fication. Herpetologica 16(3): 183-190. 

HAYASHI, T. 1996. Cynops pyrrhogaster. p. 24—25. 
In: S. Sengoku, T. Hikida, M. Matsui, and K. 
Nakaya (eds.), The Encyclopedia of Animals in 
Japan, Vol. 5. Heibonsha, Tokyo. (in Japanese) 

HOWARD, R. D. 1978. The influence of malede- 
fended oviposition sites on early embryonic 
mortality in bullfrogs. Ecology 59(4): 789-798. 

IWASAWA, H. 1971. Rana tagoi: oviposition and 
development. Iden 25(2): 39-42. (in Japanese) 

JORGENSEN, C. B. 1984. Ovarian functional pat- 
terns in Baltic and Mediterranean populations of 
a temperate zone anuran, the toad Bufo viridis. 
Oikos 43(3): 309-321. 

KAPLAN, R. H. 1979. Ontogenetic variation in 
“ovum” size in two species of Ambystoma. 
Copeia 1979(2): 348-350. 

KAPLAN, R. H. 1980. The implications of ovum 
size variability for offspring fitness and clutch 
size within several populations of salamanders 
(Ambystoma). Evolution 34(1): 51-64. 

KAPLAN, R. H., AND E. G. KING. 1997. Egg size is 
a developmentally plastic trait: evidence from 
long term studies in the frog Bombina orientalis. 
Herpetologica 53(2): 149-165. 

KING, E. G. AND R. H. KAPLAN. 1997. Estimating 
ovum size in amphibians: egg size increases 
differently among species during early develop- 
ment. J. Herpetol. 13(2): 299-302. 

KURAMOTO, M. 1978. Correlations of quantitative 
parameters of fecundity in amphibians. Evolu- 
tion 32(2): 287-296. 

KUSANO, T. 1982. Postmetamorphic growth, sur- 


KUSANO & HAYASHI—CLUTCH PARAMETERS OF FROGS 85 


vival, and age at first reproduction of the sala- 
mander, Hynobius nebulosus tokyoensis Tago, 
in relation to a consideration on the optimal 
timing of first reproduction. Res. Popul. Ecol. 
24(2): 329-344. 

KUSANO, T. 1996. Rana sakuraii. p. 34-35. In: S. 
Sengoku, T. Hikida, M. Matsui, and K. Nakaya 
(eds.), The Encyclopedia of Animals in Japan, 
Vol. 5. Heibonsha, Tokyo. (in Japanese) 

KUSANO, T. AND K. FUKUYAMA. 1987. Body size 
and breeding activity of a stream-breeding ranid 
frog (Rana sp.) in the Bobori River, Itsukaichi- 
machi, Tokyo. Jpn. J. Herpetol. 12(2): 65-71. (In 
Japanese with English abstract) 

KUSANO, T. AND K. FUKUYAMA. 1989. Breeding 
activity of a stream-breeding frog (Rana sp.). p. 
314-322. In: M. Matsui, T. Hikida, and R. C. 
Gorris (eds.), Current Herpetology in East Asia. 
Herpetological Society of Japan, Kyoto. 

KUSANO, T., K. FUKUYAMA, AND N. MIYASHITA. 
1995a. Body size and age determination by 
skeletochronology of the brown frog Rana tagoi 
tagoi in southwestern Kanto. Jpn. J. Herpetol. 
16(2): 29-34. 

KUSANO, T., K. FUKUYAMA, AND N. MIYASHITA. 
1995b. Age determination of the stream frog, 
Rana sakuraii, by skeletochronology. J. Herpe- 
tol. 29(4): 625-628. 

KUSANO, T. AND N. HAYASE. 1990. Geographic 
variation of egg size of the salamander, Hyno- 
bius tokyoensis. Bull. Popul. Ecol. Soc. (46): 5— 
12. (in Japanese) 

MAEDA, N, AND M. MATSUI. 1999. Frogs and 
Toads of Japan. 2nd ed. Bun-Ichi Sogo Shuppan, 
Tokyo. 223 p. 

MATSUI, M. 1989. Breeding strategy in the Japa- 
nese common toad, Bufo japonicus. p. 332-341. 
In: M. Matsui, H. Hikida, and R. C. Goris (eds.), 
Current Herpetology in East Asia. Herpetologi- 
cal Society of Japan, Kyoto. 

MATSUI, T. AND M. MATSUI. 1990. A new brown 
frog (genus Rana) from Honshu, Japan. Herpe- 
tologica 46(1): 78-85. 

MATSUI, M., AND H. OTA. 1984. Parameters of 
fecundity in Microhyla ornata from the Yaeyama 
group of the Ryukyu Archipelago. Jpn. J. Herpe- 
tol. 10(3): 73-79. 

MCGINLEY, M. A. 1989. The influence of a positive 


correlation between clutch size and offspring 
fitness on the optimal offspring size. Evol. 
Ecol. 3(2): 150-156. 

MISAWA, Y., AND M. MATSUI. 1997. Larval life his- 
tory variation in two populations of the Japanese 
salamander Hynobius kimurae (Amphibia, 
Urodela). Zool. Sci. 14(3): 257-262. 

NUSSBAUM, R. A. 1985. The evolution of parental 
care in salamanders. Misc. Publ. Mus. Zool. 
Univ. Michigan (169): 1-50. 

PARKER, G. A. AND M. BEGON. 1986. Optimal egg 
size and clutch size: effects of environment and 
maternal phenotype. Am. Nat. 128(4): 573-592. 

PETTUS, D. AND G. M. ANGLETON. 1967. Com- 
parative reproductive biology of montane and 
piedmont chorus frogs. Evolution 21(4): 500- 
507. 

RoFrf, D. A. 1992. The Evolution of Life Histories: 
Theory and analysis. Chapman and Hall, New 
York. 535 p. 

RYSER, J. 1988. Clutch parameters in a Swiss popu- 
lation of Rana temporaria. Herptol. J. 1: 310— 
311. 

SAS INSTITUTE INC. 1990. SAS/STAT User’s 
Guide, Version 6, 4th ed., Vols. 1 and 2. SAS 
Institute Inc., Cary. 1848 p. 

SEMLITSCH, R. D. 1985. Reproductive strategy of a 
facultatively paedomorphic salamander Ambystoma 
talpoideum. Oecologia (Berlin) 65: 305-313. 

SHIMOYAMA, R. 1993. Female reproductive traits 
in a population of the pond frog, Rana nigro- 
maculata, with prolonged breeding season. Jpn. 
J. Herpetol. 15(1): 37-41. 

SMITH, C. C. AND S. D. FRETWELL. 1974. The 
optimal balance between size and number of 
offspring. Am. Nat. 108(962): 499-506. 

TAKAHASHI, H. AND H. IWASAWA. 1988. Interpop- 
ulational variations in clutch size and egg size in 
the Japanese salamander, Hynobius nigrescens. 
Zool. Sci. 5(5): 1073-1081. 

TAKAHASHI, H. AND H. IWASAWA. 1989. Clutch 
and egg size variations in salamanders: Traits of 
the variations in some levels of biological organi- 
zation. p. 282-291. In: M. Matsui, H. Hikida, 
and R. C. Goris (eds.), Current Herpetology in 
East Asia. Herpetological Society of Japan, 
Kyoto. 

TEJEDO, M. 1992. Effects of body size and timing 


86 


Current Herpetol. 21(2) 2002 


of reproduction on reproductive success in female 
natterjack toads (Bufo calamita). J. Zool., Lond. 
228: 545-555. 

WOODWARD, B. D. 1982. Local intraspecific varia- 
tion in clutch parameters in the spotted salamander 
(Ambystoma maculatum). Copeia 1982(1): 157- 
160. 

WOODWARD, B. D. 1987a. Clutch parameters and 
pond use in some Chihuahuan desert anurans. 


Southwest. Nat. 32(1): 13-19. 

WOODWARD, B. D. 1987b. Intra- and interspecific 
variation in spadefoot toad (Scaphiopus) clutch 
parameters. Southwest. Nat. 32(1): 127-156. 

ZAR, J. H. 1996. Biostatistical Analysis, 3rd ed. 
Prentice-Hall, Upper Saddle River. 662 p. 


Accepted: 24 December 2002 


Current Herpetology 21(2): 87-94, December 2002 
© 2002 by The Herpetological Society of Japan 


Site Selection by Hynobius tokyoensis for Breeding in a 
Stream 
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Abstract: A breeding site of the salamander Hynobius tokyoensis in a flowing 
stream was surveyed in the Yamanaka District of Miura Peninsula, central 
Japan, from March to April 2000, and from February to March 2002. The 
numbers of males, females, and egg sac pairs found in the stream were 32, 
three, and 31 in 2000, and 27, three, and 32 in 2002, respectively. The results of 
field observations suggest that the salamander prefers hollows under broader 
stones in the stream for breeding and/or spawning, presumably in order to 
avoid accidental washing away of egg sacs. 


Key words: Salamander, Hynobius tokyoensis, Breeding site selection, Running 


water 


INTRODUCTION 


The jelly surrounding amphibian eggs is 
highly susceptible to desiccation, freezing, and 
high temperature, so the survival rate of the 
eggs is directly influenced by changes in the 
conditions of their surroundings (Duellman 
and Trueb, 1986). Several species of frogs and 
salamanders have been shown to select spawn- 
ing sites suitable for optimal development of 
their eggs and for minimization of the risk of 
egg loss (Duellman and Trueb, 1986; Stebbins 
and Cohen, 1995). 

In the Asiatic hynobiid salamanders, envi- 
ronmental properties of spawning sites differ 
among the species (Sato, 1943), but data on 
the environmental factors governing the spawn- 
ing site selection are available for only one 
species, Hynobius nebulosus, which uses deep 
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cavities under water as sites for both mating 
and spawning (Tanaka, 1992). Moreover, the 
proximal causes for such site selection have 
never been investigated. 

Of the Asiatic hynobiid salamanders, H. 
retardatus and H. nigrescens exhibit a com- 
mon feature in the breeding site environment: 
at their breeding sites, the water temperature is 
more stable than adjacent portions of same 
water body and seldom drops low enough to 
freeze the eggs (Sato, 1989; Akita, 2000). It is 
therefore probable that in these and other 
hynobiid salamanders, the major significance 
of the spawning site selection lies in the mini- 
mization of egg mortality. 

I have investigated the breeding environ- 
ment favored by H. tokyoensis in the light of 
avoidance of egg loss. This salamander is 
distributed in hilly areas of the Kanto District 
and Fukushima Prefecture, and usually breeds 
in early spring in ponds, puddles, paddy fields, 
roadside gutters, and small mountain streams 
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(Sato, 1943; Kusano and Miyashita, 1984; 
Kakegawa et al., 1989; Kusano and Kawakami, 
1999). The egg sacs of H. tokyoensis are 
usually attached to twigs, litter, and logs in still 
water (Kusano and Kawakami, 1999), and 
under stones in running water (Kakegawa et 
al., 1989). 

In stream breeding, the washing away of 
eggs may constitute a major cause of egg 
mortality. This may possibly be a reason why 
stream breeding salamanders generally attach 
their eggs beneath stones (Kakegawa et al., 
1989; Petranka, 1998), because such sites may 
help prevent the eggs from being washed away. 
However, how stones are selected for breeding, 
and what effects this selection actually has on 
the protection of eggs, have remained unex- 
amined. 


METHODS 


Study site 

The study site was located at Yamanaka 
(35°17'N, 139°38'E), Yokosuka City, Kanagawa 
Prefecture, approximately 30 km southwest of 
Metropolitan Tokyo. This area, comprising a 
small hill (110 m asl) with three small streams, 
is a well-known habitat of H. tokyoensis 
(Shibata, 1973; Kaneda and Ohno, 1998). 
Field observations were done in the smallest 
valley, which has a short first-order stream: 
the distance from the stream head to the 
confluence with a second-order stream was 
approximately 40m. The stream was shaded 
by broad-leaved trees, and its bed followed a 
moderate gradient with bedrock exposed in 
places and a number of scattered stones that 
are larger than fist size. 

The amount of litter, dead branches, and 
mud accumulated in the stream channel was 
very small in 2000. In 2002, however, a por- 
tion of the channel was covered by mud that 
had been washed down from the hill. Some of 
the stones in the channel observed in 2000 
were thus buried in the mud in 2002. 

The width of the channel ranged 1-2 m. 
During the winter season, the stream was 
greatly reduced in width and partially exposed 


due to low precipitation. Nevertheless, holes 
under cascades and hollows under stones were 
still filled with water. In spring, the running 
water body expanded over the channel due to 
an increase in precipitation, and this state 
continued until the next winter drought. The 
width of this stream, therefore, greatly varied 
annually, from 40 to 200 cm. 


The numbers of individuals and deposited 
egg sacs 

Field surveys were made over five days 
between 2 March and 6 April 2000, and over 
33 days between 16 February and 28 March 
2002. Individuals and egg sacs beneath the 
stones were searched for and counted. Points 
at which the individuals were captured and 
locations at which the egg sacs were found in 
the stream were recorded every day during the 
study. Positions of stones to which the eggs 
were attached were recorded on simple dia- 
grams to avoid double counting. Captured 
individuals were marked by toe clipping for 
identification and were released. 


Microenvironments of spawning sites and 
sites for males 

Microenvironments were compared between 
sites with and without males, and also between 
sites with and without egg sacs. During the 
preliminary field observations conducted in 
the spring of 1998 and 1999, both males and 
egg sacs were usually found in hollows formed 
between undersides of the stones and the stre- 
ambed. In this study, therefore, I measured 
the area of the underside of each movable 
stone larger than 150 mm in length covering a 
hollow on the streambed, on 8 March 2000, 
and 16 February 2002. When two stones were 
stuck together, they were treated as a single 
stone. For expediency, each was estimated as a 
quadrilateral area using the longest length and 
width of the stones as seen from above. I also 
measured the water depth in the hollows under 
these stones on 8 and 16 March 2000 and 16 
February 2002, and the velocity of the water 
running around each of the stones on 16 
February and 27 and 28 March 2002. 
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When the water depth in the hollow was first 
measured on 8 March 2000, there was no run- 
ning water in the stream channel, but each 
hollow still had water, enabling me to take its 
depth. At each site, the stone was removed, 
and the depth was measured at the deepest 
part of the hollow. The stone was then care- 
fully replaced immediately. 

The velocity of water was quantified by 
measuring the time needed for a styrofoam 
ball (5 mm in diameter) to be carried from the 
upstream edge to the downstream edge of the 
stone. If currents measured on each side of a 
stone differed, the faster value was adopted. 
Because of the rainfall from the evening of 27 
to the morning of 28 March, the water level of 
the stream was slightly higher on the second 
day. 


Stone size selection by salamanders 

Bootstrap sampling (Manly, 1997) of 10000 
replications was used. The mean of the under- 
side areas was consistently greater, though not 
statistically significant, for stones with egg sacs 
than for those with males. Therefore, data for 
the underside areas of stones, and the numbers 
of stones with and without egg sacs in each 
year, were subjected to this analysis. 


The number of egg sacs washed away from 
original spawning sites 

To determine the exact number of egg sacs 
naturally washed away by the running water, 
the number of egg sacs accidentally removed 
from the stones at the time of their measure- 
ments was excluded from that of egg sacs lost 
during the study period. The number of egg 
sacs was counted every day during the study 
period in 2002. 


Territoriality of males 

The numbers of stones with no males, a 
single male, and more than one male under- 
neath were counted and their ratios (%) were 
calculated for each observation day. These 
values were then compared with values expected 
on the basis of probability of binominal distri- 
butions. This was to estimate the degree of 


agonistic interaction (Umesao, 1949). The 
probability of binominal distributions was 
calculated following: 


P@)=nC: p'- (i-p)N7 


where N is the number of males hiding under 
a stone per day, 7 is the expected number of 
males hiding under the stone, and p is the 
probability of a male hiding under a particular 
stone. 


RESULTS 


The number of individuals and egg sacs found 

The area and depth were measured for 71 
sites in 2000, and 55 in 2002. A total of 32 
males were found under 24 stones in 2000, and 
27 males under 17 stones in 2002. The num- 
ber of females found in each year was no more 
than three: these were found under three 
separate stones in both years. A total of 62 
egg sacs (31 pairs) were found under 14 stones 
in 2000, and 64 egg sacs (32 pairs) under 14 
stones in 2002 (Fig. 1). These egg sacs were 
attached to the undersides of stones that 
covered hollows, or to the surfaces of exposed 
bedrock on the floor of hollows, or to the 
surfaces of small stones and twigs within hol- 
lows (Fig. 2). 


Features of hollows used for breeding 

The underside areas of stones in the stream 
had a range of 180-3570 cm* (x+SD=1039.2+ 
780.9, n=71) in 2000, and 192-3570 cm? 
(x+tSD =1002.4+885.9, n=55) in 2002. Areas 
of stones with males had a range of 216— 
3570 cm? (x+SD=1309.0+903.0, n=24) in 2000, 
and 210-3570 cm? (x+SD=1480.0+998.6, n= 
17) in 2002, and those of stones with egg sacs 
had a range of 400-3570 cm? (x+SD=1771.5+ 
976.0, n=14) in 2000, and 210-3570 cm? 
(x+SD=1554.2+1192.6, n=14) in 2002 (Fig. 3). 
There was no significant difference in this 
measurement between stones with males in 
2000 and 2002 (U-test, z=—0.61, P>0.5); nor 
between stones with egg sacs in 2000 and 2002 
(U-test, z=0.73, P>0.1). The underside areas 
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FIG. 1. The numbers of newly found individuals and egg sacs of Hynobius tokyoensis during the study 
periods in 2000 (A) and 2002 (B). 


of stones with egg sacs was consistently greater 
than that of stones with males. 

Larger stones were used by males in both 
years with significantly higher frequency 
(Spearman rank correlation coefficient test, 
r,=0.58, P<0.01, n=24 in 2000; r,=0.61, 
P<0.05, n=17 in 2002). However, male body 
size (SVL) did not correlate with the area 
(7=0.18, P>0.1, n=32 in 2000; r7=0.21, 
P>0.1, n=27 in 2002). The number of egg 
sacs deposited in each hollow was marginally 

) | aes | significantly correlated with the underside area 
Fic. 2. Egg sacs of Hynobius tokyoensis of the stone in 2000 (r7=0.47, P=0.05, n= 14), 
attached to the underside of a stone. but not in 2002 (r2=0. 23, P>0.1, n=14). 

The water depth in the hollows had a range 
of stones with males were significantly broader of 0.0-6.0 cm (x+SD=1.2+1.4, n=71) on 8 
than those of stones without males in both March 2000, 0.0-6.0 cm (xtSD=1.8+1.6, n=71) 
years (U-test: z= 1.83, P<0.05 in 2000; z=2.70, on 16 March 2000, and 0.0-6.5 cm (xtSD= 
P<0.01 in 2002). Likewise, underside areas of 1.53+1.1, n=55) on 16 February 2002. The 
stones with egg sacs were significantly broader depth of the hollows with males had a range of 
than those of stones without egg sacs in both 0.0-5.0 cm (x+SD=2.6+2.1, n=6) on 8 March 
2000 (U-test: z=3.84, P<0.01) and 2002 2000, 1.5-6.0 cm (x+SD=3.2+1.8, n=11) on 
(z=3.13, P<0.01). In contrast, there were no 17 March 2000, and 0.04.0 cm (x+SD=2.4+0.7, 
significant differences in the area between n=9) on 16 February 2002; the depth of the 
stones with egg sacs and those with males hollow with egg sacs had a range of 0.0-5.0 cm 
(U-test: z=-1.61, P>0.05 in 2000; z=0.44, (x+SD =3.0+2.1, n=5) on 8 March 2000, 1.0- 
P>0.05 in 2002), although the mean of areas 6.0cm (xtSD=3.4+1.7, n=8) on 17 March 


IHARA—BREEDING SITE SELECTION BY SALAMANDER Sil 


47 38 


= 
i=] 
So 
o 
T 


Underside areas of stones (cm’) 


2000 2002 


2000 | 


57 41 


1000 | 


Underside areas of stones (cm’*) 


2000 2002 


Fic. 3. Mean underside areas of stones with 
(filled squares) and without (open squares) males 
(A) and egg sac pairs (B). Vertical bars indicate 
ranges of standard deviations from means. Numer- 
als above bars denote sample size. 


2000, and 0.0-4.0 cm (kxtSD=1.3+1.1, n=9) 
on 16 February 2002 (Fig. 4). 

Water depths of hollows with males were 
consistently significantly greater than those 
of hollows without males (U-test: z=1.76, 
P<0.05, on 8 March 2000; z=3.22, P<0.01 
on 17 March 2000; z=3.34, P<0.01 on 16 
February 2002). Likewise, the depths of 
hollows with egg sacs were consistently signifi- 
cantly greater than those of the hollows with- 
out egg sacs (U-test: z=2.05, P<0.01 on 8 
March 2000; z=2.82, P<0.01 on 17 March 
2000; z=2.06, P<0.05 on 16 February 2002). 

The velocity of running water around the 
stones had a range of 0.0—4.0 cm/sec (ktSD= 
0.09+0.92, n=55) on 16 February, 0.0—-6.0 cm/ 
sec (XxtSD=1.62+1.20, n=55) on 27 March, 
and 9.0—30.0 cm/sec (kxtSD=17.33+5.53, n=55) 
on 28 March 2002. The water velocity around 
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Fic. 4. Mean water depths of hollows with 
(filled squares) and without (open squares) males 
(A) and egg sac pairs (B). Vertical bars indicate 
ranges of standard deviations from means. Numer- 
als above bars denote sample size. 


stones with males had a range of 0.0—4.0 cm/ 
sec (ktSD=1.22+1.20, n=9) on 16 February, 
1.0-3.0 cm/sec (x+SD=1.83+1.04, n=3) on 
27 March, and 10.0—30.0 cm/sec (x+tSD =20.2+ 
7.91, n=5) on 28 March 2002 (Fig. 5). Newly 
deposited egg sacs were not found on 16 
February or 27 March. The water velocity 
around stones with newly deposited egg sacs 
on 28 March had a range of 10.0-21.0 cm/sec 
(x+SD=16.6+4.9, n=5) (Fig. 5). There was no 
significant difference in velocity of surround- 
ing water between stones with and without 
males (U-test: z=0.89, P>0.1 on 16 February; 
z=0.74, P>0.1 on 27 March; z=1.06, P>0.1, 
on 28 March); between stones with and 
without newly deposited egg sacs on 28 March 
(z=-0.51, P>0.5); or between stones with 
males and with egg sacs on 28 March (z=1.04, 
| PS3(0).11)). 
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Mean velocity of running water around stones with (filled squares) and without (open squares) 


males (A) and egg sac pairs (B). Vertical bars indicate ranges of standard deviations from means. Numerals 


above bars denote sample size. 


Stone size selection by salamanders 
Selectivity for broad stones by females tested 

by bootstrapping was statistically significant in 

2000 (P<0.05), but not in 2002 (P>0.05). 


The number of egg sacs washed away 

There were no egg sacs washed away after 
the rainfall on 17 and 27 February or on 6 and 
27 March 2002 despite a prominent rise in the 
stream water level at those times. 


The number of males per stone 

Most stones with males were occupied by 
single males. The only exceptions were two 
stones which each had two males underneath 
on 22 March 2000 and 16 February 2002. 
Except for these cases, observed frequency of 
stones with single males always exceeded 
expected values (Table 1). 


DISCUSSION 


Kusano and Kawakami (1999) argued that 
HT. tokyoensis prefers to breed in shallow 
waters of small ponds or puddles to avoid 
aquatic predators, such as fishes, that require 
deeper water for their habitats. This may 
explain why this salamander breeds in the 
present stream, where the water depth remains 
shallow even after a rainfall. 


The hollows used for breeding exhibited 
several common features, such as coverage by 
relatively broad stones, and locations in rela- 
tively deep positions in the stream. This 
suggests that the salamanders select particular 
hollows over the others for spawning to avoid 
accidental washing away of egg sacs from 
hollows, although the results of bootstrapping 
for data from 2002 failed to support selection 
of broader stones by females. Results of the 
bootstrap in 2002 may be attributable to a 
shortage of available hollows under broad 
stones due to accumulation of mud washed 
down from the hill in this and previous years 
(see above). 

There were no egg sacs actually washed 
away during study period in 2002. This may 
reflect the effectiveness of depositing egg sacs 
under broad stones to avoid their being 
washed away. 

Water depth of hollows used by the sala- 
manders was significantly greater than that of 
unused hollows. This seems to contradict the 
data of Kusano and Kawakami (1999), which 
suggest a possible preference of the sala- 
manders for shallower sites for spawning. 
Further work is needed to come to a conclu- 
sion on this issue. 

In the stream, the frequency of stones with 
only a single male almost consistently exceeded 
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the expected value. This strongly suggests that 
the males prefer to stay alone. Kusano and 
Kawakami (1999) reported that males of this 
salamander in ponds aggressively guarded from 
other males particular sites that were seem- 
ingly suitable for spawning. It is likely that in 
the present stream males guarded their hol- 
lows from others through aggressive interac- 
tions. Considering that the mean of areas of 
stones with males was consistently smaller 
than that of stones with egg sacs, such guard- 
ing of hollows under broader stones by males 
may lead to a form of sexual selection. 
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Abstract: Nesting of the leatherback turtle 
Dermochelys coriacea in Japan was confirmed 
for the first time on the basis of two nests, each 
containing a clutch of eggs, found on Katoku 
Beach of Amami-oshima Island, central Ryukyus. 
There were no indications of development in eggs 
obtained from them. These nests were likely to 
have been made by the same individual. 


Key words: leatherback turtle; Dermochelys 
coriacea; nesting; Ryukyu Archipelago; Japan 


The leatherback turtle, Dermochelys coria- 
cea, is the largest species of the extant marine 
turtles, and is known from almost the entire 
area of the Pacific, Indian, and Atlantic 
Oceans (Marquez, 1990). The major nesting 
grounds of the Pacific populations of this 
species are confined to a few small areas in the 
tropics, such as Trengganu in Malaysia (Fitter, 
1961), northwestern New Guinea (Salm, 1981), 
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E-mail address: JCG03011@nifty.ne.jp (N. 
Kamezaki) 


the Solomon Islands (McKeown, 1977), and 
the western coast of central America (Prit- 
chard and Trebbau, 1984). Although the 
leatherback is sometimes found in waters 
adjacent to Japan, nesting of this species has 
never been recorded with substantial evidence 
in Japan (Kamezaki, 1994). We report discov- 
ery of two nests of the leatherback turtle from 
a beach on Amami-oshima Island, southwest- 
ern Japan. 

At Katoku Beach of Amami-oshima Island 
(Fig. 1), the emergence of one leatherback 
turtle was noticed by inhabitants at 14:00 on 
28 June 2002. This individual, estimated to be 
approximately 1.8m in straight carapace 
length on the basis of photographs (Fig. 2), 
dug an egg chamber, deposited eggs in it, and 
returned to the sea. Examination of the nest 
on 30 June 2002 yielded a total of 20 appar- 
ently normal eggs and 14 yokeless eggs. The 
mean diameter of the normal eggs was 53.0 mm 
(SD=0.896; range: 51.0—55.0 mm). 

On 11 July 2002, broad tracks and an inden- 
tation were found on the same beach, and a 
nest found just beneath the latter contained 66 
apparently normal eggs and 18 yokeless eggs. 
The mean diameter of the normal eggs was 
54.4 mm (SD=0.964; 51.5—56.1 mm). 


Katoku 


Fic. 1. 
site of the leatherback turtle, Dermochelys coria- 
cea, on Amami-oshima Island, Ryukyu Archipel- 
ago, Japan. 


Map showing location of the nesting 


96 


Current Herpetol. 21(2) 2002 


Fic. 2. The nesting leatherback turtle, Dermochelys coriacea, on Katoku Beach, Amami-oshima 


Island. Photographed on 28 July 2002 by Yoichi Baba. 


The 20 apparently normal eggs from the 
first nest were moved to a styroform box for 
incubation under permission from the Fisher- 
ies Agency of Japan. However, no external 
signs of post-ovipositional development (Chan, 
1989) were observed thereafter. One egg, 
opened on the eighth day, had a blastodisc, 
but with no indications of development from 
the ovipositional stage (Miller, 1985). 

In the Ryukyu Archipelago, where Amami- 
oshima Island is located, three species of 
marine turtles, the loggerhead turtle Caretta 
caretta, the green turtle Chelonia mydas, and 
the hawksbill turtle Eretmochelys imbricata, 
are known to nest (Kamezaki, 1989). One case 
of nesting of the leatherback turtle was once 
mentioned by an inhabitant on another island 
(Zamamiima Island of the Okinawa Group) 
but without any substantial evidence (H. Ota, 
private communication). The observation made 
on 28 June 2002 thus offers the first confirmed 
record of nesting of this species in Japan. 

The number of eggs found in the first nest 
(34 including the abnormal eggs) was much 
smaller than the ordinary size of a nest clutch 
in the leatherback turtle (Marquez, 1990). 
This, along with the extreme softness of the 


sand covering that nest, suggests that a large 
proportion of eggs originally laid therein had 
already been poached by someone when the 
nest was examined by us on 30 June. 

With respect to the second nest, the emerg- 
ing female was not observed. Even so, how- 
ever, there is no doubt that this nest also 
belonged to the leatherback turtle, because 
size of its eggs (51.0-56.1 mm) was much 
larger than that of eggs of the other marine 
turtles nesting in the Ryukyus (34-46 mm: 
Kamezaki, 1987), and fell within the known 
range of egg sizes in the leatherback turtle 
(45.6-59.2 mm: Marquez, 1990). These two 
nests are likely to have been made by the same 
individual, considering that they were found 
on the same beach with an interval (13 days) 
close to the known renesting intervals in this 
species (9-11 days: Pritchard and Trebbau, 
1984). 
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INSTRUCTION TO CONTRIBUTORS 
Scope and Manuscript Categories 


Current Herpetology is the official English journal of the Herpetological Society of Japan, 
and publishes Reviews, Original Articles, and Short Notes dealing largely or exclusively with 
the biology and diversity of amphibians and reptiles. 

Reviews are usually invited by the Managing Editor. Those who wish to submit Reviews 
should consult with the Managing Editor in advance. Original Articles are full-length reports 
usually greater than nine manuscript pages. Short Notes are more limited in scope and 
usually fewer than 10 manuscript pages. Manuscripts may be moved from one category to 
another at the discretion of the Managing Editor. 


Manuscript Submission 


Submissions of papers from both members and non-members of the Society are welcome. 
Manuscripts should be sent, in triplicate, to the Managing Editor, who will then assign 
them to two or three reviewers through consultation with appropriate Associate Editors. 
Each manuscript will be judged on the basis of its scientific merit. Authors should retain 
the original figures until the manuscript is accepted for publication; good quality photo- 
copies (color copies for figures desired to be reproduced in color) are adequate for purposes 
of review. 


Manuscript Format 


General 

Authors wishing to submit manuscripts to Current Herpetology should carefully consult 
recent issues of the journal and instructions given here for the manuscript format. Manu- 
scripts not following the official format may be returned to the authors without review. 

Manuscripts should be typed on one side only of sturdy typing paper, A4 (28x21 cm) in 
size. Typing should be double-spaced with 2.5 cm margins on all sides. Words should not 
be broken at the end of a line. Each of the following divisions should be begun on a sepa- 
rate page: cover page, title page, abstract, main text, references, each appendix, each table, 
figure legends, and each figure. Except for the cover page, all pages should be consecutively 
numbered. 


Cover page 

The cover page should show the title, and name and postal address of the corresponding 
author to whom communications regarding the manuscript should be directed with his/her 
telephone and fax numbers, and e-mail address. The cover page should also show the date 
of submission, the numbers of pages of main text and figure legends, and the numbers of 
figures and tables. 


Title page 

The title page should show the title, and the name(s), affiliation(s) and address(es) of the 
author(s) in order. The title should be brief and informative. It should appear centered on 
the top of this page, with the initial letter of each major word capitalized: e.g., 
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Phylogenetic Relationships of Geoemydine Turtles 
(Reptilia: Bataguridae) 


The author’s name should be centered, with all letters capitalized. In the case of more 
than one author, indicate the one to whom communications regarding the paper after publi- 
cation should be directed, with his/her telephone and fax numbers, and e-mail address. 
Affiliation(s) and address(es) of the author(s) should be centered, and in italics (indicated by 
underlining) with only the initial letter of each major word capitalized: e.g., 


YUICHIROU YASUKAWAI1*, REN HIRAYAMA2, AND TSUTOMU HIKIDA3 


1 Tropical Biosphere Research Center, University of the Ryukyus, Nishihara, Okinawa 
903-0213, JAPAN 


2 Department of Information, Teikyo Heisei University, Uruido 2289, Ichihara, Chiba 
290-0193, JAPAN 


3 Department of Zoology, Graduate School of Science, Kyoto University, Kitashirakawa- 
oiwakecho, Sakyo-ku, Kyoto 606-8502, JAPAN 


* Corresponding author. Tel: +81-98-895-8937; Fax: + 81-98-895-8966; E-mail address: 
kame_kame@sci.ryudai.ac.jp | 


Abstract page 

The abstract page should contain an abstract consisting of less than 250 words, followed 
by one blank line and by key words in order. The abstract should state the major points of 
the paper as clearly and concisely as possible without the need for reference to the text and 
without citation of references. The word “Abstract” should not be indented, and should be 
followed by a colon: e.g., 


Abstract: Monophyly of the batagurid subfamily Geoemydinae was 
evaluated <:2°. 


The term, “Key words’, should not be indented, and should be followed by a colon and 
then by about five key words, separated from each other by semicolons, that identify the 
major aspects of the manuscript: e.g., 


Key words: Geoemydinae; Bataguridae; Phylogeny; Geoemyda group; 
Mauremys group 


The main text 

Texts of most manuscripts are efficiently arranged in order of introduction, materials and 
methods, results, discussion, and acknowledgments; however, some manuscripts, particularly 
of reviews and short notes, profit by other arrangements of topics, so the author(s) should 
use good judgment in this matter. Italics, indicated by underlining, should be used only for 
scientific names of genera, species and/or subspecies, and for appropriate headings (see 
below). Commonly used words of non-English origins should not be italicized (e.g., et al., not 
et al.). 

Up to three sets of headings are allowed. The major heading, all capitalized, should be 
centered. The subheading should be centered and underlined (indication of italics in final 
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reproduction), with initial letter of each major word capitalized. The sub-subheading should 
be set at the left margin and underlined, with only the first letter of the first word capital- 
ized. When only one and two sets of headings are needed, use the major heading, and major 
heading and sub-subheading, respectively. In the ordinary text arrangement of an Original 
Article (see above), INTRODUCTION, MATERIALS AND METHODS, RESULTS, 
DISCUSSION, and ACKNOWLEDGMENTS should be given as major headings. 


References 

The reference section following the main text should begin with the major heading, 
LITERATURE CITED, and list all and only the publications cited in the manuscript in 
alphabetical order according to the senior authors’ surnames. When there are several papers 
by the same senior author with various co-authors, they should be listed in alphabetical order 
by second and subsequent authors, regardless of the number of authors. Following are 
examples for the format and order of listing of references. 
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Taiwan. p. 342-348. In: M. Matsui, T. Hikida, and R. C. Goris (eds.), Current Herpetology 

in East Asia. Herpetological Society of Japan, Kyoto. . 
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Standard symbolic codes for institution resource collections in herpetology and ichthyology. 
Supplement no. 1: additions and corrections. Copeia 1988: 280-282. 

LEVITON, A. E., R. H. GIBBS, Jr., E. HEAL, AND C. E. DAWSON. 1985. Standards in 
herpetology and ichthyology: part I. Standard symbolic codes for institutional resource 
collections in herpetology and ichthyology. Copeia 1985: 802-832. 
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Caudata). J. Herpetol. 26: 308-315. 

MATSUI, M. AND K. MIYAZAKI. 1984. Hynobius takedai (Amphibia, Urodela), a new 
species of salamander from Japan. Zool. Sci. 1: 665-671. 
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of systematic relationships and status of two hynobiid salamanders from Hokkaido 
(Amphibia: Caudata). Herpetologica 48: 408-416. 
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TAKENAKA, T. 2000. Extinction of the naturalized freshwater turtle in Chichijima-Island 


106 


of Ogasawara (Bonin) Islands, South Japan. Bull. Herpetol. Soc. Japan 2000: 4-7. (in Jap- 
anese with English abstract) 

ZHAO, E. AND K. ADLER. 1993. Herpetology of China. Contribution to Herpetology, 
10. Society for the Study of Amphibians and Reptiles, Oxford, Ohio. 


In the text, references to papers by one or two authors should give their surnames; papers 
with more than two authors are referenced by the first author’s surname followed by “et 
al.”. Strings of references should be placed in chronological order. When there are two or 
more references published in a same year, they should be arranged in alphabetical order. 
Two or more references by the same senior author (for papers by one or more than two 
authors) or by the same senior and junior authors (for papers by two authors) with the same 
year of publication should be designated by lowercase letters: e.g., (Matsui et al., 1992a, b). 
See above for example of listing of such references in LITERATURE CITED. 

For references that are in the course of publication (i.e., already accepted for publication 
but not published yet), cite “In press” in the place of publication year and leave the place of 
page numbers blank. References of unpublished master’s theses and unpublished doctoral 
dissertations are not encouraged, but are allowed when their citations are definitely needed 
(see above for example of listing of such references in LITERATURE CITED). The other 
manuscripts that are neither “In press” nor published should not be cited either in the text or 
in LITERATURE CITED. 


Appendices 

Detailed information not essential to the text but important to subsequent evaluation (such 
as that regarding specimens examined) may be placed under the major heading, APPENDIX, 
and an appropriate sub-subheading. When institutional abbreviations are used in APPENDIX, 
and/or in the main text, it is recommended, as far as possible, to follow Leviton et al. (1985) 
or Leviton and Gibbs (1988) (see example of references above for detailed information on 
these publications) with an explicit statement in APPENDIX (or otherwise, in MATERIALS 
AND METHODS of the main text): e.g., 


APPENDIX 


Specimens examined 

Catalogue numbers of specimens deposited in the zoological collection of Kyoto University 
Museum are preceded by KUZ. The other acronyms are those suggested by Leviton et al. 
(1985). 

Geoemyda japonica: Okinawajima, Okinawa Pref., Japan, KUZ R36720, NSMT H02083- 
02086; Kumejima, Okinawa Pref., Japan, KUZ R36721, OMNH-R3334. G. spengleri: Vietnam, 
NSMT H9999, ....... 


Use major headings with consecutive Roman numerals, APPENDIX I, APPENDIX II, 
APPENDIX III, APPENDIX IV, etc., when two or more appendices are needed. 


Tables 

Each table should be typed, double-spaced, on a separate sheet. Its appropriate position 
in the text should be marked in the right-hand margin (usually at the place where the table is 
first mentioned). The legend for a table should follow the table number (e.g., TABLE 1. 
Measurements of specimens of ...... ) and should be on the same pages as the table. Within 
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the table, only the initial letter of the first word should be capitalized (e.g., “Adult males’’). 
Ruled lines should be avoided. Footnotes (indicated by symbols *, or, *1, *2, *3, etc.) may 
follow a table when detailed information is needed. 


Figures 

Figures larger than 28x21 cm cannot be accepted. When several drawings or photographs are to 
be reproduced as one figure, they should be mounted on cardboard in the desired arrangement 
and each of them should be lettered (A, B, C, etc.). Each figure should be carefully planned to 
accommodate reduction to a final width of one or two columns in Current Herpetology; after reduc- 
tion, lettering should be=1.5 mm high and decimals should be visible. Include a scale of distance or 
dimension where appropriate. Figure legends, each beginning with a fully capitalized abbreviation 
and a consecutive number (e.g., FIG. 1. Dorsal (A) and lateral (B) views of holotype of ...... ), Should 
be typed in double space and grouped together on a separate sheet with one line of space between 
them. Denote in the right-hand margin of the text where each figure should be printed (usually at 
the first mention of a figure). In the text, “Figure” should be also abbreviated, but with only the initial 
letter capitalized (e.g., Fig. 1) except when beginning a sentence. When original figures are sent to the 
Managing Editor after the acceptance of a manuscript (see above), the back of each figure should be 
labeled with the author’s name, the figure number, and desired size of final reproduction (one column 
or two columns are the only options). 

Cost for color reproduction of a photograph (or photographs) is paid by the society for 
the first page, when the Managing Editor decides, on the basis of advice from an Associate 
Editor and/or reviewer(s), that the color reproduction is essential in clarifying points of argu- 
ments to readers. Cost of color reproduction will be charged to the author from the second 
page irrespective of its effect in presentation. 

Original copies of figures will not be returned unless requested on the occasion of proof- 
reading. 


Numerals 

Numbers of 10 or larger should be typed as Arabic numerals except at the beginning of a 
sentence. Numbers one to nine should be spelled out unless they precede units of measurement 
(e.g., 5 mm), are designators (e.g., experiment 3), or are separated by a figure dash (e.g., 5-7 
individuals). The 24-hour clock is used to indicate times of day (e.g., 1900 h); dates should 
be given by day, month, year in this order (e.g., 5 July 2002). Decimals should not be naked 
(eer. 05s, not ©5). 


Abbreviations 

Weights and measures follow the International System of Units (SI), and such abbreviations 
should be used throughout the manuscript. Abbreviations used in Current Herpetology without 
being defined at first usage include: 

X (mean), n (sample size), N (chromosome number, but see below for the use to refer to “north latitude’’), 
no. (number), yr (year[s]), mo (month[s]), wk (week[s]), h (hour[s]), min (minute[s]), s (second[s]), P 
(probability), df (degrees of freedom), SD (standard deviation), SE (standard error), NS (not signifi- 
cant), | (liter), kg (kilogram), g (gram), m (meter), cm (centimeter), mm (millimeter), tum (micron), C 
(degrees Celsius, not °C), asl (above sea level; given as, e.g., 100 m asl), °,', and" (degrees, minutes, 
and seconds in geography, respectively), N, S, E, and W (north and south latitudes, and east and west 
longitudes, respectively, but only when preceded by values with appropriate geographical units; e.g., 
lis 25'N, 121°43'E). 

In figures and tables, names of months can be abbreviated as: Jan (January), Feb (February), 
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Mar (March), Apr (April), May (May), Jun (June), Jul (July), Aug (August), Sep (September), 
Oct (October), Nov (November), Dec (December). In the text, however, they should be fully 
spelled. 

Other abbreviations, such as SVL (snout-vent length), Myr (million years), and MyrBP 
(million years before present), can also be used, but define them at first usage. Do not use 
symbols, o and &., for male and female, respectively. 


Reprints 

The Society supplies 50 free reprints to the corresponding author of an invited Review, and 
30 free reprints to each of corresponding authors of articles in other categories. Additional 
reprints can be purchased in multiples of 50. The number of desired reprints and whether 
covers are desired should be indicated in red marks on the first page of the galley proofs. 


Proofs 

Only the first set of the galley proofs will be sent to the author. Each proof should be 
checked against the edited manuscript promptly, and both of them should be returned to the 
Managing Editor without delay. The following changes can be made on the proof: correc- 
tions of typographical errors, addition of publication information for a reference previously 
in an “In press” state, and addition of the present address of the author due to the change of 
his/her address after acceptance of a manuscript. Other changes may be charged to the 
author. 
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